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We introduce and experimentally demonstrate a method for realising a quantum channel using the
measurement-based model. Using a photonic setup and modifying the bases of single-qubit measurements
on a four-qubit entangled cluster state, representative channels are realised for the case of a single qubit in the
form of amplitude and phase damping channels. The experimental results match the theoretical model well,
demonstrating the successful performance of the channels. We also show how other types of quantum chan-
nels can be realised using our approach. This work highlights the potential of the measurement-based model
for realising quantum channels which may serve as building blocks for simulations of realistic open quantum
systems.
Introduction.— The modelling and simulation of quantum
systems is an important topic at present as it promises to
open up investigations into many new areas of science [1–
3]. This includes exploring exotic states of matter [4], ther-
malisation and equilibration processes [5, 6], chemical reac-
tion dynamics [7] and probing quantum effects in biological
systems [8, 9]. A number of approaches are currently being
studied, using both classical and quantum methods. While
classical methods are limited to specific conditions for effi-
cient simulation of quantum systems [10, 11], quantum meth-
ods have a much larger scope, and a range of techniques have
been developed so far, such as analogue [1, 2], digital [12, 13],
digital-analogue [14, 15], algorithmic [16–18] and embed-
ded [19, 20], each with its own advantages and disadvan-
tages. Most methods consider ideal quantum systems, where
the constituent elements are isolated from the outside world.
However, realistic quantum systems invariably interact with
some environment [21]. Work on modelling and simulating
such quantum systems has seen much progress recently [22–
24], and may shed light on fundamental physical phenom-
ena, including phase transitions in dissipative systems [25–
27], thermalisation [28, 29] and using dissipation as a re-
source [30, 31]. In this context, the development of techniques
to realise quantum channels [32, 33] representing the dynam-
ics of realistic quantum systems has seen rapid growth – most
notably for single qubits [34–41] and qudits [42–44]. So far,
however, studies have been limited to the standard quantum
circuit model [45].
A natural model for simulating quantum systems is the
measurement-based model [46–48], which has been used
to demonstrate the simulation of quantum computing on
entangled resource states using only single-qubit measure-
ments [49–55]. The measurement-based model is an inter-
esting method for simulating quantum systems, as it can do
this simply by carrying out quantum computing [56]. How-
ever, there may also be the possibility of going further by
exploiting the structure of the entangled resource being used
to reduce the overall complexity and put a given simulation
within reach of current technology. Recently, the first steps in
this direction have been taken theoretically [57]. Despite this
potential, the realisation and simulation of realistic quantum
systems using the measurement-based model has not yet been
explored.
In our work we address this issue by introducing and ex-
perimentally demonstrating a method for the realisation of a
quantum channel that can be used to represent the dynamics
of a realistic quantum system using the measurement-based
model. We demonstrate the simple case of a single qubit. To
do this, we find an efficient mapping from the circuit model
to the measurement-based model for the simulation, which al-
lows us to consider the use of an entangled linear cluster state
of only four qubits made from three photons – using the po-
larisation degree of freedom of each photon as a qubit and
the path degree of freedom of one of the photons as an ad-
ditional qubit. Many previous photonic experiments using
cluster states have employed only the polarisation degree of
freedom to carry out quantum protocols [49–53, 55], however
the use of other degrees of freedom to represent qubits in ‘hy-
brid’ cluster states has been considered in order to improve
the state quality and protocol results [58–62]. In recent work,
a quantum error-correction code [63], a secret-sharing proto-
col [64] and a quantum algorithm [54] have all been realised
using four-photon cluster states consisting of both polarisation
and path qubits. The setup we use is similar to these experi-
ments, however the overall goal is different and the use of only
three photons compared to four ensures we can achieve a high
quality performance for our measurement-based realisation of
a quantum channel.
By measuring the qubits of our hybrid cluster state in a par-
ticular way we are able to realise arbitrary damping channels
on a logical qubit residing within the cluster state. The main
advantage of this measurement-based approach over the stan-
dard circuit model [36–41] is that only the pattern of mea-
surements needs to be modified in order to implement differ-
ent system dynamics. This is particularly useful in a photonic
setting, where a reconfiguring of the basic optical elements
is not required, both in bulk [49–55] and on-chip setups [66–
68]. The experimental results obtained match the theoreti-
cal expectations well and highlight the potential use of the
measurement-based model as an alternative approach to real-
ising quantum channels.
Experimental setup.— The experimental setup is shown in
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2FIG. 1: Experimental scheme for realising a quantum channel for a single qubit using the measurement-based model. (a) Experimental
photonic setup, with photonic crystal fibers (PCFs), half-wave plates (HWPs), quarter-wave plates (QWPs), Soleil-Babinet (SB), polarizing
beamsplitter (PBS), beamsplitter (BS), glass plate (GP) and dichroic mirror (DM). The setup generates a four-qubit cluster state between
photons s1, s2 and i1, with the polarisation and path degree of freedom of photon s1 used to represent two qubits. (b) Expectation values
used for calculating the quality of the generated cluster state in terms of the fidelity. (c) Circuit model for simulating an arbitrary single-qubit
channel. (d) Measurement-based protocol for implementing the simulation of the channel and its equivalent representation. (e) Scheme for
generalizing the approach to a full open quantum system simulation for a single qubit, where rotations and/or interactions with other qubits
(dotted lines) can be carried out stroboscopically.
Fig. 1 (a). It generates a four-qubit linear cluster state made of
three photons – three qubits are encoded in the polarisation de-
gree of freedom of three photons using the basis {|H〉 , |V〉},
and the fourth qubit is encoded in the path degree of free-
dom of one of the photons using the basis {|p1〉 , |p2〉}. The
photons are generated by spontaneous four-wave mixing in
photonic crystal fibers (PCFs) tailored to generate a spec-
trally separable naturally narrowband bi-photon state cross-
polarised to the pump [69, 70]. The signal wavelength is
λs ≈ 625 nm and the idler wavelength is λi ≈ 876 nm when
the PCF is pumped at λp = 726 nm. For the pump laser
a 80 MHz repetition rate femto-second Ti-Sapphire laser is
filtered through a 4F arrangement, with a spectral mask on
the Fourier plane achieving the desired spectrum with band-
width ∆λp = 1.7 nm to minimise parasitic non-linear ef-
fects which reduce photon purities [65], and sent to two PCF
sources. One of the PCF sources (PCF 1) is arranged in a
twisted Sagnac-loop configuration to generate the polarisation
entangled Bell pair 1√
2
(|HH〉 + |VV〉)s1 i1 on the signal and
idler photons s1 and i1, respectively, for which we achieve
Bell state fidelities of 0.89, limited by the spectral separabil-
ity of the generated photon pairs [69]. The second source
(PCF 2) is pumped in one direction only with the generated
state state |H〉s2 |H〉i2 [70]. The idler photon, i2, serves as
a heralding photon for the successful generation of the sig-
nal photon, s2. After each PCF, the signal and idler photons
are separated by dichroic mirrors (DM) and bandpass filtered
with widths 40 nm and 10 nm respectively to remove Raman
noise. The signal photon s2 is rotated by a half-wave plate
(HWP) into the state |+〉 = 1√
2
(|H〉 + |V〉)/√2 and over-
lapped with the signal photon s1 at a polarising beam split-
ter (PBS), with the relative arrival time set by the pump de-
lay so that ∆τ → 0. When one signal photon exits each
port of the PBS the heralded state is the three-qubit GHZ
state in the polarisation bases of the photons s1, s2, and i1:
1√
2
(|HHH〉 + |VVV〉)s1 s2 i1. The quality of this ‘fusion’ op-
eration is however, limited by the spectral-temporal indistin-
guishability of the signal photons generated in each source,
which can be mitigated to some extent by temperature tuning
one of the sources, but limits the fidelity of the three-qubit
GHZ state to 0.80± 0.01 [71]
The three photons are collected into single-mode fibers,
from which s2 and i1 are sent straight to tomography
stages consisting of automated quarter-wave plates (QWPs)
and HWPs, followed by PBSs and pairs of single-photon
avalanche photodiode detectors (APDs) capable of per-
forming projective measurements onto arbitrary polarisation
bases [73]. The signal photon s1 is path expanded to encode
the fourth qubit. This entails a folded Mach-Zehnder inter-
ferometer (FMZI) with the anticlockwise and clockwise paths
corresponding to the eigenstates of the path qubit, |p1〉 and
|p2〉 [54]. When the incoming photon meets the PBS on enter-
ing the FMZI, it performs a controlled-not operation between
the polarisation qubit and the path qubit of photon s1. With
the addition of a HWP before and after the PBS to perform
Hadamard operations on the polarisation, the state generated
is equivalent to a four-qubit linear cluster state
|ψ〉 = 1
2
(|+00+〉 + |+01−〉 + |−10+〉 − |−11−〉)1 2 3 4, (1)
where we have written all qubits in the computational basis
and a Hadamard operation has also been applied to the po-
larisation of photon i1, performed at the tomography stage.
Here, qubit 1 is represented by the polarisation of photon s1,
3qubit 2 by the path of photon s1, qubit 3 by the polarisa-
tion of photon s2 and qubit 4 by the polarisation of photon
i1. To achieve arbitrary projective measurements for the po-
larisation qubit of photon s1, we use a tomography stage as
described for photons i1 and s2. For the path qubit of photon
s1, to achieve computational basis measurements we alternate
blocking of the paths in the FMZI so that the population of
photons in paths |p1〉 or |p2〉 can be measured after the paths
are merged on a 50:50 beamsplitter (BS). Basis measurements
on the equatorial plane of the Bloch sphere are achieved by
imparting a relative phase between the paths in the FMZI us-
ing a glass plate (GP) mounted on an automated rotation stage,
followed by the Hadamard operation achieved by the paths
combining on the BS [54]. By using a dual PBS-BS cube for
the FMZI the relative path length and therefore phase between
the paths can be made relatively stable, leading to an interfer-
ence visibility of 0.93 with heralded single photons.
The cluster state |ψ〉 is the state generated in our setup in
the ideal case. However, due to the various dominant sources
of error discussed above, including spectral and spatial imper-
fections introduced during the four-wave mixing process at
the PCFs [65, 69–71], the fusion PBS between the signal pho-
tons [72], the path expansion [54] and to a lesser extent higher-
order photon emissions and fibre inhomogeneity [71, 72], the
actual state generated is a mixed state. We therefore first char-
acterise the quality of the cluster state generated in our setup.
The fidelity F = Tr(ρexp |ψ〉 〈ψ|) quantifying the overlap be-
tween the experimental state ρexp and the ideal state |ψ〉 can
be obtained by decomposing the projector |ψ〉 〈ψ| into a sum-
mation of terms made from projector elements arising from
the eigenvectors of tensor products of Pauli operators. Each
term can then be measured locally, with the total expectation
value of all the terms for ρexp giving the fidelity. There are a
total of 15 terms [74], leading to a fidelity of F = 0.63±0.01.
The expectation values of the terms are shown in Fig. 1 (b).
The presence of genuine multipartite entanglement, signify-
ing that all qubits were involved in the generation of the state,
is confirmed as F > 0.5 [74]. Improvements to the quality
of our state could be made by operating at a reduced pump
power for the PCFs in order to suppress higher-order photon
emissions from the four-wave mixing [71, 72]. However, this
reduces the state generation rate and impacts on the data col-
lection time. Better matching of the spectral profiles of the
signal photons produced via four-wave mixing processes in
separate PCFs would also improve the state quality as the PBS
fusion operation relies on spectral indistinguishability of the
photons [72]. While the above factors would improve the state
quality, the current fidelity value is comparable to other pho-
tonic cluster state experiments and allows us to demonstrate a
proof-of-principle realisation of a quantum channel using the
measurement-based model.
Results.— We start our implementation by showing how
the standard circuit model for realising a quantum channel is
mapped to the measurement-based model. In Fig. 1 (c) the
quantum circuit for carrying out an arbitrary completely pos-
itive trace-preserving (CPTP) channel for a single qubit ρS is
depicted [34]. For simplicity, the unitary operations U(δ) and
U(ϕ) at the start and end are not considered, as they are not
needed for the specific examples we demonstrate. They are
local operations and if needed for a given channel they can be
applied easily in the measurement-based model [48]. In the
circuit, the rotation Rθy =
(
cos θ/2 − sin θ/2
sin θ/2 cos θ/2
)
, X is the Pauli
σx operator and M represents a measurement in the computa-
tional basis. The circuit shown implements the quantum chan-
nel E(ρS ) → K0ρSK†0 + K1ρSK†1 , where the Kraus operators
are K0 =
(
cos β 0
0 cosα
)
and K1 =
(
0 sinα
sin β 0
)
. The rela-
tions linking these operators to the rotations in the circuit are
γ1 = (β−α+pi/2)/2 and γ2 = (β+α−pi/2)/2. If the measure-
ment outcome M of the ancilla qubit is 0, then the operator K0
is applied and if it is 1, then an X operation is applied to the
system qubit in order for the operator K1 to be applied [34].
Taking into account that both outcomes can occur for the an-
cilla qubit measurement, the system is put into a summation
of the two processes. We stress that this procedure is capable
of simulating arbitrary single-qubit channels of which there
exist a continuous family. In this work we will demonstrate
3 different channels: amplitude damping, phase damping and
a channel we call β damping, an example extremal channel
characterised by simultaneous amplitude damping and phase
damping occurring in perpendicular bases. For the first two
channels it is convenient to set the parameters in the circuit as
α = cos−1(e−ηt/2) and β = 0, where η is an effective damping
rate and t is the simulation time desired. Amplitude damp-
ing is then implemented naturally by the circuit. On the other
hand, phase damping does not require the X operation from
the ancilla measurement outcome 1 to be applied. For the third
channel we fix α and choose specific values of β. We now map
the circuit model to the measurement-based model and show
that a four-qubit entangled cluster state is all that is needed to
carry out the simulation. While we do not claim that our map-
ping is optimal, in that it may be possible to do some elements
of the simulation using only a three-qubit cluster state, the ef-
ficient mapping we present puts the simulation within reach
of our setup and allows us to experimentally demonstrate the
fundamental workings of a measurement-based approach.
The measurement-based model involves making single-
qubit measurements on a cluster state in order to carry out
logic operations on quantum information encoded within. For
cluster states two types of measurements allow logic opera-
tions to be performed: (i) Measuring a qubit j in the compu-
tational basis allows it to be disentangled and removed from
the cluster, leaving a smaller cluster of the remaining qubits,
and (ii) In order to perform logic gates, qubits must be mea-
sured in the equatorial basis B j(α) = {|α+〉 j , |α−〉 j}, where
|α±〉 j = (|0〉 ± e−iα |1〉) j/
√
2, for α ∈ (0, 2pi]. This mea-
surement on qubit j, initially in the logical state |φ〉, results
in propagation of the state to qubit j + 1 with the operations
σsxHR
α
z applied. Here, the rotation R
α
z = exp(−iασz/2) has
been applied along with a Hadamard operation, H, and a Pauli
X operation dependent on the outcome s from the measure-
ment [75].
4FIG. 2: Quantum process matrices for the realisation of a phase damping channel. (a) Γ = 0. (b) Γ = 0.5. (c) Γ = 1. (d) Bloch sphere
representation showing the effect of the channel at Γ = 1. In panels (a)-(c) the left column is the experimental result and the right column is
the ideal case, with the top row corresponding to the real part and the bottom row to the imaginary part of the elements of the matrix.
Using the cluster state generated in our experiment, the in-
put states corresponding to the ancilla qubit |+〉 and system
qubit ρS = |+〉 〈+| are naturally encoded on qubits 1 and 4,
respectively, as shown in Fig. 1 (d). For the ancilla qubit, note
that in the circuit model shown in Fig. 1 (c), the first gate, R2γ1y ,
is applied to an initial state |0〉. This gate can be decomposed
into a product of several gates: Rpi/2z HR
2γ1
z HR
−pi/2
z . Taking the
first two operations of the gate, we have HR−pi/2z |0〉 = |+〉.
Therefore the remaining operations that need to be carried
FIG. 3: Process fidelities for the realisation of phase, amplitude and
β damping channels. (a) Phase damping. (b) Amplitude damping.
(c) β damping. In all, the first column corresponds to the case s1 = 0
and s2 = 0 for the outcomes of the measurements of the qubits in
the cluster, no feed-forward (no-FF), while the second column cor-
responds to the case s1 = 0 and s2 = 1, feed forward (FF), with
appropriate byproduct operator applied to the output.
out on the ancilla qubit using the cluster state are Rpi/2z HR
2γ1
z .
By including the controlled-X (CX) gate between the ancilla
and system, and the subsequent gate R2γ2y , the total operation
for the remainder of the circuit for both system and ancilla
is given by (1 ⊗ R2γ2y H)CZ(1 ⊗ HRpi/2z HR2γ1z ), where the sys-
tem is the first qubit and the ancilla is the second. Here, we
have decomposed the CX gate as (1 ⊗H)CZ(1 ⊗H). The first
two operations, HR2γ1z , are implemented by measuring qubit
1 of the cluster state in the basis B1(2γ1), which propagates
the logical ancilla to qubit 2 of the cluster. The next two op-
erations, HRpi/2z , are implemented by measuring qubit 2 of the
cluster state in the basis B2(pi/2), which propagates the ancilla
to qubit 3. The CZ gate is then naturally applied as the logi-
cal qubit of the ancilla now resides on qubit 3 and the logical
qubit of the system resides on qubit 4 – the edge linking qubits
3 and 4 is a CZ gate. The final two operations, R2γ2y H, are
incorporated into the measurement basis of the ancilla qubit
on qubit 3, which is normally measured in the computational
basis. Thus, we have outcomes {0, 1} of the ancilla in the cir-
cuit corresponding to the outcomes of the measurement basis
{H(R2γ2y )† |0〉 ,H(R2γ2y )† |1〉}.
In the measurement-based model it is important to include
the unwanted Pauli byproduct operators that act on the logi-
cal qubits due to the random nature of the outcomes of mea-
surements of qubits in the cluster. Including the byproducts
makes the logical operations fully deterministic [48]. The
byproducts can be propagated right to the end and incorpo-
rated into the final measurements of the system and ancilla.
For the ancilla, the byproducts lead to the measurement basis
{σs1z σs2x H(R2γ2y )† |0〉 , σs1z σs2x H(R2γ2y )† |1〉} for qubit 3, and the
basis of qubit 2 must be modified to B2((−1)s1pi/2). Here, si
corresponds to the measurement outcome for qubit i. For the
system, the byproduct operation is σs2z σ
s3
x , where the σx from
measurement M in the circuit has been included. All the op-
erations from the circuit model have now been mapped into
the measurement-based model and it is clear that a four-qubit
linear cluster state is sufficient for simulating the action of an
arbitrary channel on a single qubit.
To generalise this method to a full simulation of a single-
qubit quantum system, one might also like to include inter-
5FIG. 4: Quantum process matrices for the realisation of an amplitude damping and β channel. (a) Γ = 0.5 for amplitude damping. (b) Γ = 1 for
amplitude damping. (c) α = 0.3 and β = 1.2 for rotated phase damping. (d) Bloch sphere representation showing the effect of the amplitude
damping channel at Γ = 1. In panels (a)-(c) the left column is the experimental result and the right column is the ideal case, with the top row
corresponding to the real part and the bottom row to the imaginary part of the elements of the matrix.
action with additional systems or a rotation while it is being
subject to damping. In this case, the interaction/rotation and
damping could be split up into smaller time steps and carried
out stroboscopically as the logical qubit propagates along a
larger cluster state (taking into consideration the passage of
byproducts through the corresponding circuit), as highlighted
in Fig. 1 (e). Furthermore, the simulation of channels with
memory effects could be included by conditioning future time
steps on the outcome of the ancilla measurement, s3, or ini-
tially entangling the ancilla qubits in order to introduce corre-
lations in the environmental degrees of freedom [32].
We now characterise the performance of the measurement-
based approach for phase damping using the cluster state gen-
erated in our setup. We choose the basis states of our qubit to
simulate that of a two-level system: {|g〉 , |e〉}. For this, we
use the convention |H〉 = |0〉 ↔ |e〉 and |V〉 = |1〉 ↔ |g〉,
and combine the damping rate and time into a single quan-
tity, Γ, with the correspondence
√
1− Γ = eηt/2. We then
choose 5 different damping values: Γ = {0, 0.25, 0.5, 0.75, 1}.
These values determine the parameters α = cos−1(
√
1− Γ)
and β = 0, which are inserted into the formulas for γ1 and
γ2 to obtain the angles for the measurements of qubits in the
cluster. For each value of Γ, we carry out quantum process to-
mography [76] by encoding the probe states |g〉, |e〉, |+〉 and
|+y〉 = 1√2 (|g〉 + i |e〉), and perform quantum state tomogra-
phy on the output of the channel for each probe state [73].
From this information we reconstruct the process matrix χ for
the channel, defined by the relation E(ρS ) = ∑i, j χi jEiρS E†j ,
with the operators Ei forming a complete basis for the Hilbert
space, Ei = {1 , X,Y,Z} [45]. The probe state |+〉 is naturally
encoded into the cluster state, whereas the probe state |+y〉
is encoded using a QWP on photon i1, and the probe states
|g〉 and |e〉 are encoded using a polariser. In Fig. 2 (a), (b)
and (c) we show the χ matrices for the simulation of phase
damping for Γ = 0, 0.5 and 1, respectively, for the case of
measurement outcomes s1 = 0 and s2 = 0. The left column
in each corresponds to the experiment, χ, and the right col-
umn the theoretically expected ideal case, χid. One can see
that the process matrices match well, with process fidelities
defined as Fp = Tr(
√√
χχid
√
χ)2/Tr(χ)Tr(χid) [77] equal to
0.71 ± 0.03, 0.89 ± 0.03 and 0.93 ± 0.03, respectively. In
Fig. 3 (a) we show Fp for all values of Γ simulated. The left
hand side (blue columns) shows the case of s1 = 0 and s2 = 0,
which we call ‘no feed forward’ (no-FF), while the right hand
side (red columns) shows the case of s1 = 0 and s2 = 1 (FF),
chosen as an example of when byproducts are produced and
the necessary rotations are applied to ρS , which are incorpo-
rated into the measurements during the state tomography.
It can be seen in Fig. 3 that there is little difference in the
process fidelities of the no-FF and FF cases, which indicates
that there is not much bias in the implementation of the chan-
nel due to the measurement outcomes of qubits in the clus-
ter state. As FF operations are needed to make the channels
fully deterministic in the measurement-based model, the re-
sults show that the channels can be carried out deterministi-
cally and with consistent performance. While the main quan-
tifier of how well the channels perform can be taken to be
the process fidelities shown in Fig. 3, the χ matrices shown
in Fig. 2 help visualise what the channels are doing in the
Pauli operator basis. As an additional complementary plot,
in Fig. 2 (d) we show the effect of the channel on the Bloch
sphere for Γ = 1. The Bloch sphere is squashed into a cigar
shape along the z-axis as expected [45].
In Fig. 4 (a) and (b) we show the χ matrices for the sim-
ulation of amplitude damping for Γ = 0.5 and Γ = 1. The
χ matrix for Γ = 0 is the same as the phase damping chan-
nel. The process fidelities for these channels are 0.76 ± 0.03
and 0.66 ± 0.02. The full range of process fidelities is given
in Fig. 3 (b) for the no-FF and FF cases. In Fig. 4 (d) we
show the effect of the channel on the Bloch sphere for Γ = 1.
The Bloch sphere is squashed into a cigar shape, similar to
the phase damping case, but at the same time it is gradu-
ally pushed toward the basis state |g〉, as expected [45]. In
Fig. 4 (c) we show an example χ matrix for the case when
β , 0, which we call the ‘β channel’. Here, we have set
α = 0.3 and β = 1.2. The corresponding process fidelity is
0.70 ± 0.03. In Fig 3 (c) we show the process fidelities for
other non-zero β values, both in the no-FF (left hand side) and
6FF cases (right hand side). The β channel results show that
the measurement-based method can be used for simulating
non-standard quantum channels representing realistic quan-
tum system dynamics.
Discussion.— In this work we experimentally demonstrated
a method for the realisation of quantum channels using the
measurement-based model for the simple case of a single
qubit. We mapped the circuit model to the measurement-
based model and showed that an entangled linear cluster state
of only four qubits made from three photons is sufficient.
By measuring the qubits of the cluster state we were able to
simulate different quantum channels, including amplitude and
phase damping, on a logical qubit residing within the clus-
ter state. The experimental results match the theoretical ex-
pectations well. We also briefly discussed how to extend the
method to implement a full simulation of a single-qubit quan-
tum system that would include rotations while the decoher-
ence takes place. Our results highlight the potential use of the
measurement-based model as an alternative approach to simu-
lating realistic quantum systems. Future work could look into
whether a smaller cluster state of only two or three qubits can
also be used for demonstrating specific quantum channels. In
addition, it would be interesting to see how extra qubits pro-
vide extended functionality and flexibility. Furthermore, one
could extend the model to qudits, collective multiqubit chan-
nels and even memory effects.
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